SUPPLEMENT S2: BALANCED CROSS SECTION METHODS AND DATA
[bookmark: _GoBack]New geologic mapping at 1:10,000 scale on basemaps constructed from IfSAR (Interferometric Satellite Aperture Radar) Alaska digital terrain model data (~5 m raster resolution- ifsar.gina.alaska.edu) focuses on the structural geometry of folds associated with the McCallum foreland thrust system and the relationship between these folds and the McCallum Creek fault. Balanced cross sections through the McCallum foreland thrust system quantify the amount of shortening absorbed by these structures in the McCallum foreland basin strata. We produced forward kinematic models for cross sections A-G (Plate 1) using the MOVE software package from Midland Valley. Field data show that folds in the McCallum basin strata do not have kink geometry, nor do all forelimbs dip steeply. Since these criteria for classic fault-propagation fold geometry (Suppe and Medwedeff, 1990) are not met, we modeled cross sections in the McCallum foreland thrust system using the trishear kinematic model for fault-propagation folding. Trishear folding is capable of producing a variety of fold geometries with adjustments to various model parameters such as trishear angle and the propagation/slip (P/S) ratio (Erslev, 1991; Allmendinger, 1998; Hardy and Allmendinger, 2011) in addition to the initial and subsequent thrust step-up angles that govern the geometry of all fault-related folds (e.g. Suppe, 1983; Mitra, 1990; Suppe and Medwedeff, 1990; Medwedeff and Suppe, 1997). 
	Due to the limited exposure of McCallum basin strata, there is significant uncertainty in determining the exact geometry of folds in the McCallum foreland strata and therefore the amount of shortening recorded in these folds. To address this issue, we generated at least 10 forward models for each cross section line by iteratively adjusting the depth to décollement, P/S ratio, trishear angle, initial step-up angle, and subsequent step-up angles. The deepest décollement modeled is the base of the lower McCallum formation, which based on reflection seismology, is estimated to be ~1,500 m below the surface of Phelan Creek (Brocher et al., 2004). The shallowest décollement modeled is ~100-200 m below the upper/lower McCallum formation contact due to the blind nature of the foreland thrusts and exposure of the upper ~100 m of the lower McCallum formation. We classified models that qualitatively fit surface bedding orientation data from the geologic map as viable. Viable models that yielded the least shortening (deepest décollement) and most shortening (shallowest décollement) represent the range of possible shortening values for a given cross section. We then constructed a preferred solution for each cross section to fit surface data and provide a realistic representation of eroded fold limbs based on preserved limbs in adjacent cross sections. 
We constructed the taper of the original stratigraphic wedge for these cross sections by iterating between thicknesses from the geologic map (Plate 1), measured composite stratigraphic sections (Allen et al., 2014) and by referring to modern analogs of braided fluvial systems near vegetated range fronts in western Canada. The modern analogs in Canada exhibit a maximum value of ~2º for the stratigraphic wedge taper away from the fan apex (Wilford et al., 2005). Using the variability in stratigraphic thickness, we constructed three stratigraphic taper wedges for each representative cross section (viable least shortening, viable most shortening, preferred solution). These three taper wedges include: 1) maximum stratigraphic thickness with no taper, 2) minimum stratigraphic thickness with no taper, and 3) a preferred thickness that may have a stratigraphic taper no more than 2º. The preferred thickness is based off of map exposure and locations of measured section (Allen, 2016). 
Area balanced cross sections quantify the amount of shortening recorded in the McCallum foreland basin strata. The area balancing method operates on the principal that the amount of longitudinal strain recorded in a volume of rock is calculated by equating the cross-sectional area of a deformed volume of rock to a polygon of equal area representing the retro-deformed initial stratigraphic wedge (Mitra and Namson, 1989; and references therein).  Uncertainties in shortening values produced by this balancing method include fault slip not contained within the plane of the cross section, material loss by dissolution, and uncertainties in shape of the original stratigraphic wedge (Judge and Allmendinger, 2011; Allmendinger and Judge, 2013). We used the program AreaErrorProp (Judge and Allmendinger, 2011) to area-balance and estimate shortening in viable cross sections modeled with the deepest décollement and thickest stratigraphy (minimum amount of shortening), shallowest décollement and thinnest stratigraphy (maximum amount of shortening), and preferred décollement with preferred stratigraphic taper. We obtained a basin-wide shortening value by averaging the total shortening value yielded from each preferred cross section model (i.e. the preferred balanced cross section modeled with the preferred stratigraphic wedge). The basin-wide shortening average and the standard deviation (1σ) (Table S2-1) combined with tephra ages from the McCallum foreland strata yield a shortening rate for the foreland thrust system.
	TABLE S2-1. SHORTENING VALUES USED TO         CONSTRUCT FIGURE 8

	Section
	Area balance max.         (m)
	Area balance min.             (m)
	Area balance preferred (m)
	Line length   (m)

	A
	986
	130
	810
	177

	B
	962
	303
	557
	190

	C
	1354
	337
	1017
	198

	D
	814
	169
	726
	168

	E
	915
	177
	912
	239

	F
	877
	187
	665
	200

	G
	1130
	226
	706
	384

	
	
	Average
	770
	

	 
	 
	St. Dev. 
	144
	 





	TABLE S2-2. RANGE OF MODEL PARAMETERS USED                                                                 IN CROSS SECTION FORWARD MODELING

	Cross section
	Number of structures
	Initial step-up angle              (º)
	Subsequent step-up angle        (º)
	Number of subsequent step-ups
	Propagation: slip ratio
	Trishear apical angle      (º)

	A
	2
	4-30
	0-15
	1-2
	0.5-1.5
	60-100

	B
	1
	2-20
	7-18
	0-2
	0.5-2
	70-100

	C
	2
	2-21
	10-27
	1-3
	1-2
	40-90

	D
	2
	3-40
	0-15
	0-2
	0.5-1.5
	70-110

	E
	2
	3-10
	0-20
	0-2
	0.5-1
	70-100

	F
	1
	5-8
	8-10
	2-3
	1-2
	80

	G
	1
	32-60
	0- -5
	0-1
	0.5-1
	50-110



	TABLE S2-3. DATA FOR PREFERED CROSS SECTION MODELS

	Section
	Number of structures
	Structure location
	Initial step-up angle  (º)
	Subsequent step-up angle  (º)
	Number of subsequent step-ups
	Propagation: slip ratio
	Trishear apical angle (º)

	A
	2
	South
	30
	0
	0
	1
	100

	
	
	North
	5
	15, 5
	2
	1.5, 0.5
	100

	B
	1
	-
	8
	7, 10
	2
	2, 0.5
	100

	C
	2
	South
	5
	10,10,10
	3
	2, 1
	90

	
	
	North
	15
	15, 10
	2
	2, 1
	90

	D
	2
	South
	3
	12, 10
	2
	1, 0.5
	110

	
	
	North
	13
	0
	0
	0.4
	110

	E
	2
	South
	10
	10, 5
	2
	3, 1
	100

	
	
	North
	10
	10
	1
	1
	100

	F
	1
	-
	8
	8, 10, 10
	3
	2, 1
	80

	G
	1
	-
	60
	0
	0
	0.5
	110
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